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INTRODUCTION
The limit equilibrium method is the most popular approach in slope stability analysis. This method is well known to be a statically indeterminate problem, and assumptions on the inter-slice shear forces are required to make the problem statically determinate. Based on the assumptions of the internal forces and force and moment equilibrium, there are more than ten methods developed for slope stability analysis. The famous methods include those by FELLENIUS [1936] , JANBU [1954] , BISHOP [1955] and JANBU [1973] . In recent years, because the uncertainty associated with stability analysis especially material proprieties the using of the probabilistic approaches is required to account the sensitivity of this uncertainty on the response of the deterministic approaches. Accordingly, many studies have been taken to develop a probabilistic slope stability analysis that deal with the uncertainties of soil proprieties in systematic way [ALONSO 1976; CHENG et al. 2008; DE MELLO 1977] .
WONG [1985] performed reliability analysis of soil slopes using response surfaces method (RSM). HUMPHREYS and ARMSTRONG [1993] analysed a slope stability problem using results of finite difference method and regression analysis. TANDJIRIA et al. [2000] used response surface method for reliability analysis of laterally loaded piles. SIVAKUMAR BABU and SRIVASTAVA [2007] presented a study on the analysis of allowable bearing pressures on shallow foundation using response surface method. In many practical probabilistic problems, the response function is not known explicitly. Instead, it may be known only implicitly through a numerical procedure. Therefore, the failure domain only can be found through repeated point by point numerical analyses with different input values. To reduce the computational effort required for the probabilistic analyses, a response surface that approximate the limit state function through polynomial regression for the results of several selected simulations is needed. KOSTIĆ et al. [2016] presented new approach to approximate the limit state function for the stability analysis using Box-Behnken statistical design integrate with limit equilibrium methods (LEM).
In the current study the procedure for probabilistic analysis of the stability of homogenous earth dam is proposed using design experiments. The limit state surface function of safety factor was conducted by central composite design (CCD) technics based on the limit equilibrium method (LEM) especially Bishop modified method using the commercial software GEOSTAB [GEOS 2004] . The data sets used for the construction of response surface are obtained from stability analyses of six cases of homogeneous earth dams situated in eastern Algeria. The primary objective of this study is to determine the effect of geotechnical parameters (material proprieties of embankment) on the safety factor of homogeneous earth dams with known geometric designs [TERZAGHI, PECK 1965] . Finally, discussion of the obtained results and main conclusions are given for taken account in other researches in this field.
METHODS AND MATERIALS LIMIT EQUILIBRIUM METHOD (MODIFIED BISHOP'S METHOD)
BISHOP [1955] made a more reasonable assumption on the side forces by assuming that the shear forces on the side of each slice are zero. Although this assumption is only an approximation to the truth, it is much better than the assumption used in the ordinary method of slice [ALONSO 1976; HAMMURI et al. 2008; USACE 2003 ]. The resulting method based on this assumption is called the modified Bishop's method or the simplified Bishop's method. For a homogenous soil slope, the slope failure is dominated by the deterministic critical slip surface because the factors of safety Fs of other slip surfaces are highly correlated with the Fs of the deterministic critical slip surface.
DESIGN EXPERIMENT (CENTRAL COMPOSITE DESIGN -CCD)
In statistics, a central composite design is an experimental design, useful in response surface methodology, for building models, evaluating the effects of factors and searching for the optimum conditions for the response variable without needing to use a complete three-level factorial experiment; this technique has been successfully used in slope stability analysis. A prior knowledge and understanding of the process and the process variables under investigation are necessary for achieving a more realistic model. In this study, CCD is performed to estimate the performance function of the quadratic model for optimizing the process. The independent variables are transformed into code level range from -1 to +1 interval where the low and high levels code as -1 and +1, respectively. The axial points are located at the value of +α and -α where α is the distance of the axial point from the centre and performs the design rotatable in this study we use the characteristic of face cantered star point, the centre points coded as 0. In this study a 2 (m) +2*(m), two levels; (m) variable were used, for two variables, the model obtained was expressed as follows: 
where: Y = the measured response, a 0 = the intercept term, a 1 , a 2 = linear coefficients, a 12 = the logarithmic coefficient, a 11 , a 22 = quadratic coefficients, X 1 , X 2 = coded independent variables.
The statistical analysis of the model was performed in the form of Analysis of Variance (ANOVA).
LONG-TERM STABILITY ANALYSIS AND DESIGN EXPERIMENT
In the eastern of Algeria, the construction of homogeneous earth dams increased in last years, especially in areas dominated by agriculture. By considering the questions of security, it is absolutely necessary to study their stability in the various cases of loading especially in long-term case [LAKEHAL et al. 2011] .
Limit equilibrium method (modified Bishop's method) linking with design experiment (central composite design), was applied to estimate the effect of main geotechnical parameters on safety factor of homogenous earth dams with a geometric designs of a different heights and slope angle (10 m, β = 22°), (20 m, β = 18°), (30 m, β = 16°) - Table 1 [TERZAGHI, PECK 1965] . The thickness of foundation in the site of study is varied between 5 m at 15 m, we take the values of 5, 10 and 15 m for three profile of embankments respectively in which the depth to bedrock DH equal 1.5 in this study. Figure 1 shows the profile type 
Source: own study. Fig. 1 . Profile type of homogenous earth dam; source: own elaboration used in the simulation process by GEOSTAB software [LAKEHAL et al. 2011] .
In this study, a set of input and output data are prepared, and a central composite design CCD is used for developing the function of the quadratic model, the effect of variation of materials proprieties are studied witch are: cohesion (c'), friction angle (φ'), dry density (γ d ) and saturated density (γ sat ). All data selected for developing the function of the quadratic model are obtained from stability analyses of ten cases of homogenous earth dams situated in eastern of Algeria based on the limit equilibrium method especially Bishop modified method using the commercial software GEOSTAB 4.0.
The range values of geotechnical properties of construction materials are given in Table 2 . The experimental design of the independent variables in terms the actual and coded values with height and low level are listed in Table 3 . 
RESULTS AND DISCUSSION
In this study the problem is considered a singlelayered homogenous soil slope, thus, the quadratic response surface provides a reasonably accurate estimate of slope failure probability and has a high computational efficiency [DIAN-QIANG et al. 2016] .
The quadratic response surface equation for safety factor with respect to the original variables was expressed as follows:
Fs H=30m = 1.14 + 1.
As shown in Table 4 , the adjusted R coefficient was in the range of 0.987 to 0.990 and the standard deviation was 0.02 for the three response surfaces models of safety factor. The obtained R 2 value was fairly high; even close to the unity and the smaller value of standard deviation indicating that there exists a close match between the experimental and the predicted values from the obtained response surface models (Fig. 2) . Table 2 , R 2 = coefficient of determination. Source: own study. The accuracy of the model was further justified through analysis of variance (ANOVA). For the three response surfaces models of safety factor, their F-values of 230, 281 and 514, respectively indicate that the models were significant. The p-value is less than 0.05, indicated that the model terms were significant, values greater than 0.1 indicated that the model terms were not significant (Tab. 4).
For a dam of 10 m height and angle of inclination of slope β = 22°, the cohesion c' and friction angle φ' and dry density γ d were the terms of response surface model, p-value was highly significant (p-value < 0.0001). Saturated density (γ sat ) was not a significant model term (p-value > 0.1), this was because the lowest level of water in the reservoir was H w < 10 m.
The cohesion c', friction angle φ', and dry density γ d had remarkable significant influence on safety factor; the results showed a positive effect of c' and φ' on Fs, a reduction in these parameters could make the failure of slope of embankment.
The dry density γ d had a negative effect on Fs which means an important increase in this parameter could make the failure of slope of embankment, the quadratic term of cohesion (c' 2 ) and the cross term of (c'φ') had a negative effect on safety factor (Fig. 3a) .
For a dam of 20 m height and angle of inclination of slope β = 18°, all inputs parameters of geotechnical proprieties and some crosses terms of (c'φ'), (c'γ d ), (φ'γ d ), and the quadratic term of (φ' 2 ) were the model terms which were highly significant (p-value < 0.0001), the increase in water level of dam reservoir made saturated density γ sat a significant model term (p-value < 0.05). The linear term of c', φ' and the cross term of (φ'γ d ) had a positive effect, while the linear term of γ d , γ sat had a negative effect. One quadratic term in this case had a negative effect is the friction angle φ', the crosses terms of (c'φ'), (c'γ d ), (φ'γ d ) had a negative effect on safety factor (Fig. 3b, 3d, 3e) . For a dam of 30 m height and angle of inclination of slope β = 16°. In this case, it was clear that all inputs parameters had a significant effect on safety factor. The results showed that the positive effect of cohesion c' was remarkable for small dams H = 10 m, this effect decreased when H = 20, 30 m height, moreover it mentioned that the negative effect of dry density γ d and saturated density γ sat increased with the increase in dam height.
Where H > 10 m, the friction angle φ' had an important effect, which means that the effect of φ' was predetermined by the values of H and β (Fig. 3c, 3f) .
A comparison between the values of Fs calculated by Bishop's method and the models proposed, the relative error was less than 2% (Tab. 5). Fig. 3 . 3D response surface represent the effect of tow-factors interaction on safety factor Fs; source: own study Table 2 . Source: own study.
OPTIMIZATION AND FAILURE MODE DISCUSSION
The response surface model developed in this study can be used to optimize the safety factor of an earth dam with respect to the values range of materials proprieties. In the long-term stability case, the dam is considered safe when the safety factor Fs = 1.5 [USACE 2003 ]. On other hand, it can be used to show the range values of materials proprieties if the dam is failed. In slope stability, the failure of an earth dam can be seen when the safety factor Fs ≤ 1.
GRIFFITHS [2016] discussed a several ways in which a slope can be brought to failure which are φ', c' reduction and γ d increase.
In the current study, using a spreadsheet in Excel based on the solver tools, the response limit state function of safety factor Fs (c', φ', γ d , γ sat ), is optimized in the first case to get the value of 1.5 with respect the range values of materials proprieties. In the second case, the safety factor is minimized to get the value of Fs ≤ 1 in which the values of materials proprieties is showed in different failures modes. Table 6 represents the results of the optimizing and minimizing work. It's clearly that in the first failure mode (reduction of c' and φ') the failure can be seen for a dam of (H = 10 m, β = 22°), because the values of c' and φ' is more calibrated, using the Bishop modified method the safety factor in this mode with the value of c' = 7.9 kPa and φ' = 6.8° equal 1.032 is close to unity. For Table 2 . Source: own study.
other profile of (H = 20 m, β = 18°) and (H = 30 m, β = 16°), the safety factor calculated by Bishop modified method equal 1 with the values of (c' =17.6 kPa, φ' = 5.5°), (c' = 16.6 kPa, φ' = 6.8°) respectively, that means that the failure can be seen if a reduction of 4 kPa in cohesion and 11° in friction angle was made from the values given the safe factor (Fs = 1.5).
In the second failure mode (increasing of γ d ), the calibration is needed with friction angle to get the safety factor close to unity, for a dam of (H = 10 m, β = 22°) the safety factor calculated by Bishop modi- and φ' = 6.9°, the failure can be seen and the safety factor close to unity for a dam of (H = 30 m, β = 16°) without any calibration if an important increase in γ sat is made.
SUMMARY
In this study, the design experiment methodology especially central composite design is used, to approximate the limit state function for calculating the safety factor stability of homogeneous earth dam. On other hands, to show the effect of each significant factor in the response surface.
The results show clearly that the response surface methodology is successfully used to establish a response surface that represents the functional relationship between soil properties and the safety factor, that the predicted values for three models of a dam with 10, 20, 30 m height and depth ratio DH = 1.5, indicate the very good agreement between the response surface model and the experimental values.
The results show a positive effect of c' and φ' on for all three response surface models, this effect of cohesion c' it is remarkable for small dams H = 10 m, when H = 20 and 30 m height, this effect decreased, while the effect of friction angle is important when H > 10 m, an important reduction in these parameters can be made the failure of slope of embankment.
The friction angle φ' have an important effect where H > 10 m, that means their effect is predetermined by the values of H and β.
The effect of dry density γ d and saturated density γ sat increase with the increase in dam height, which means an important increase in these parameters can be made the failure of slope of embankment.
The relative error between the values of Fs calculated by Bishop's method and the models proposed is less than 2%.
Two failures modes were applied using the response surface developed in this study, the results show that the failure of an earth dam can be seen if a reduction of 4 kPa in cohesion and 11° in friction angle was made from the values given the safe factor (Fs = 1.5).
